ABSTRACT The navel orangeworm is an important pest of almonds, pistachios, and walnuts. A commercial pheromone lure for this pest became publicly available in 2013. We compared effectiveness of this synthetic lure (NOW Biolure) between common commercial trap designs, and with unmated females in wing traps. Orange wing traps and delta traps captured similar numbers of males when each was baited with females, although there was a significantly greater density of captured males on the smaller glue area of the delta traps. In contrast, lure-baited wing traps captured about half the males captured in female-baited wing traps in single-night tests. In these single-night tests, wing traps baited with NOW Biolure captured significantly more males than delta traps baited with NOW Biolure, and bucket traps and delta traps baited with NOW Biolure captured similar numbers of males. When the sampling interval was extended to a week, the performance of lure-baited and female-baited wing traps was more similar. Delta and bucket traps baited with NOW Biolure generally performed more poorly than wing traps baited with NOW Biolure in these weekly monitoring tests. However, the bucket traps occasionally outperformed the other trap types during periods of peak abundance. Navel orangeworm traps at a density of one per 4 ha detected differences in abundance between adjacent walnut varieties, whereas such differences were not detected with one trap per 20 ha. The implications of these findings for monitoring for navel orangeworm in these different host crops are discussed.
Introduction
The navel orangeworm, Amyelois transitella (Walker) (Lepidoptera: Pyralidae), is an important pest of almonds, Prunis dulcis (Mill.) D.A. Web (Rosaceae), pistachios, Pistacia vera L. (Anacardiaceae), and walnuts, Juglans regia L. (Juglandaceae). The navel orangeworm is a generalist feeder that attacks the fruit of these crops either when they are injured or in later stages of development or senescence (Curtis and Barnes 1977) . It is multivoltine, and typically overwinters in various larval instars. The navel orangeworm is also notable for a strong dispersal capacity compared with other lepidopteran pests of tree nuts (Sappington and Burks 2014) , and interference between traps baited with females as a pheromone source has been documented at distances of up to 400 m (Burks and Higbee 2013) .
Pest management for this species has emphasized timely harvest and sanitation of unharvested fruit (Zalom et al. 1984) , but insecticide applications have been used in response to decreasing tolerance for damage in these crops Siegel 2012, Zalom and Nicola 2014) . A commercial pheromone lure for the navel orangeworm has recently become available for monitoring (Higbee et al. 2014) . Until now, navel orangeworm was monitored using egg traps , in conjunction with a degree day model (Sanderson et al. 1989) . Compared with pheromone traps, egg traps detect navel orangeworm less efficiently and are more affected by crop development and physiology (Rice 1976) . They are also more labor intensive, and the overdispersed distribution of eggs on egg traps requires data from many traps for a reasonable probability of detecting increasing oviposition at critical periods .
Monitoring insect populations with pheromone traps is widely used in insect pest management (Witzgall et al. 2010) . Changes in the magnitude of trap captures, often used in conjunction with degree-day models and observations of crop phenology, can be used to determine timing of pest management treatments or more intense sampling (Prasad and Prabhakar 2012) . For some insect pests, thresholds based on pheromone trap capture are useful to determine whether treatment is necessary (Madsen and Vakenti 1973 , Knight and Hull 1989 , Faccioli et al. 1993 , Bradley et al. 1998 , Asaro and Berisford 2001 . In other cases, however, the relationship between adult captures and crop damage is too variable or indirect to provide a useful treatment threshold (Jones and Caprio 1992 , Grantham et al. 2002 , Hillier et al. 2004 ). Standardization of trapping methods is important for development of thresholds (Riedl et al. 1979 , Riedl 1980 . This includes trap density, which can significantly influence the relationship between population density and the number of male moths captured on traps baited with sex pheromone (Riedl 1980 , Wall and Perry 1980 , Houseweart et al. 1981 , Bacca et al. 2006 , Gu et al. 2013 .
Common commercial trap designs used with pheromone lures include wing and delta traps, which both use sticky liners, and bucket traps, in which target insects are attracted inside a container and killed by insecticide vapor. For some moth species, males are captured more effectively by wing traps than by delta traps (Mullen et al. 1998 , Asaro et al. 2004 , while for other species the reverse is true (Fadamiro 2004, Stelinski and Rogers 2008) , and for still other species both of these designs are equally effective (Fadamiro 2004 , Bloem et al. 2005 , Kavallieratos et al. 2005 . Bucket traps frequently do not capture as many males as sticky traps at low population density, but are much less affected by saturation (Riedl 1980 , Houseweart et al. 1981 . Bucket traps or similar designs are therefore an attractive option if many insects are likely to be captured (Sanders 1986 ). There are also practical trade-offs between these trap designs. For example, delta traps are quicker and more economical to service compared with wing traps, and less prone to contamination of the glue surface with dust and field debris. Aside from the trade-off between sensitivity and saturation, bucket traps can be more economical to operate than sticky traps because they are more durable and there are not glue liners to service or replace (Knodel and Agnello 1990 ).
Here we examine the impact of trap design and density on the number of navel orangeworm males captured with a synthetic sex pheromone lure (NOW Biolure, Suterra, Bend, OR; Higbee et al. 2014) . Wing traps baited with females as a pheromone source were used as a standard of comparison because previous studies have used female-baited traps as a reference (Rice 1976 , Burks et al. 2008 . The performance of wing and delta traps was compared when using unmated females as a pheromone source in both. Single-night experiments were used to compare several trap designs baited with NOW Biolure with wing traps baited with females. A season-long experiment examining traps at weekly intervals was used to compare these same treatments under conditions more closely resembling likely commercial practice. Also, data associated with one of the single-night experiments are used to examine practical trade-offs concerning density of trap placement. We present data demonstrating that trap design has a greater impact when the artificial lure is used instead of live females as a pheromone attractant.
Materials and Methods
Insects, Traps, and Lures. Traps used in this study included wing traps (Suterra LLC, Bend, OR), large plastic delta traps (LDP, Suterra LLC; hereafter referred to as delta trap), and bucket traps (universal moth traps or Unitraps, Semiochemicals Corp., Burnaby, BC, Canada). The wing and delta traps both have a durable top and an exchangeable liner with glue for capturing insects. The glue area of the wing and delta traps were respectively 374 and 217 square cm; thus, the wing trap had 38% more glue area than the delta trap. The wing and delta traps were orange because that is the color most commonly used in California tree nuts. Bucket traps were of interest because they are less affected by trap saturation; i.e., reduced trap efficiency as more males are captured. The bucket traps were white in the lower capture compartment, yellow in the upper funnel assembly, and green in the cover. The killing agent in the bucket traps was dichlorvos, provided by cutting Hot Shot No Pest Strips (United Industries Corp., St. Louis, MO) into 25-mm squares.
Traps baited with unmated females as a pheromone source served as a standard comparison for other trapping methods . Three unmated females were sealed in a mesh bag for one to seven nights (see subsequent description), as described in greater detail elsewhere (Curtis and Clark 1984) . A previous study showed that, under mid-summer conditions, females prepared in this manner survived and attracted males for at least four nights (Burks and Brandl 2004) . For the comparison of trap types baited with unmated females and the season-long comparison of trap types, unmated females were obtained from a laboratory strain maintained at the Paramount Farming Company Belridge Laboratory (Lost Hills, CA). This laboratory strain, from the USDA-ARS in Parlier, CA, was founded from almonds and received from the University of California, Berkeley in 1966. At the Belridge laboratory, this strain was infused periodically with feral adults emerged from infested almonds and pistachio harvest samples. For experiments on the single-night comparison of trap types, unmated females were obtained from a USDA-ARS laboratory colony founded from eggs collected from pistachio mummies in 2005. All pheromone trapping was done using NOW Biolure (Suterra LLC).
Comparison of Wing and Delta Traps Baited With Females. An initial experiment compared navel orangeworm males captured in wing and delta traps when using unmated females as a pheromone source. This experiment was conducted from 27 August to 24 September, 2012, in 10 replicate blocks in various almond orchards in Kern County, CA. The replicate blocks were !500 m apart, and traps within replicate were !37 m apart. The wing traps were slightly modified as described by Kuenen et al. (2005) to faciliate their use with unmated females in mesh bags. Data were collected and females exchanged every 3-4 d for a total of eight sampling intervals. Two replicate blocks were dropped prior to analysis of the data because the traps contained no males on many sampling intervals.
Single-Night Comparison of Trap Types and Lures. Two experiments compared nightly capture of males in: 1) wing traps baited with females, 2) wing traps baited with NOW Biolure, 3) delta traps baited with NOW Biolure, and 4) bucket traps baited with NOW Biolure. These experiments were conducted at daily intervals to compare NOW Biolure with females calling under optimal conditions. The first of the two single-night experiments was conducted from 28 August to 26 September, 2012, in a 50-ha block of mature 'Nonpareil,' 'Carmel,' and 'Avalon' almonds near Kerman, CA. Nightly male capture was compared between modified wing traps baited with unmated females, modified wing traps containing NOW Biolure, and also delta and bucket traps baited with NOW Biolure (Table 1 ). The NOW Biolure was suspended from the top of the modified wing trap in the same manner as the plastic mesh containers used to hold unmated females. In the bucket traps, the hole in the center of the cover was covered with duct tape. A wire hook was pushed through the duct tape and used to suspend the NOW Biolure. The NOW Biolure was adhered to the upper inside surface of the delta traps using the manufacturer's adhesive backing. These four trap-lure combinations were randomized within a Latin square arrangement, with 50 m between the trap positions. Two replicates of this four by four Latin square were located 300 m apart. These traps remained in the same position throughout the experiment. The experiment was repeated on 14 separate nights.
A second single-night experiment examined the four trap-lure combinations in walnuts from 4 September to 4 October 2013. Based on the results from the singlenight experiment in 2012 and a previous finding of mutual trap interference at distances up to 400 m (Burks and Higbee 2013), we wished to determine whether placing the traps farther apart decreased differences between treatments. The four treatments were placed randomly 180 m apart within individual replicate blocks, with blocks at least 180 m apart. Five such blocks were located in a 80-ha block containing mature 'Serr,' 'Vina,' and 'Chandler,' and a sixth plot was located in a 16-ha block, 7.3 km away, containing mature Vina. The position of the traps was re-randomized on a daily basis. In this experiment in walnuts, wing traps used with NOW Biolure were prepared according to manufacturer instructions (i.e., with the upper and lower liners pressed together) rather than the modified version used in this and previous experiments for unmated females. The NOW Biolure used in the 2013 single-night experiment was placed, using the manufacturer's adhesive, on the roof of standard wing traps and on the duct-taped cover of the bucket trap lid. Experiments were conducted on some or all blocks on 10 nights. Because pesticide, irrigation, and harvest activities varied with variety, access to all blocks was not available some days. Observations in which data for all four trap treatments were not available for a particular plot and night were not considered. The number of plots tested per night ranged from 4 to 6, for a total of 48 replicates (6 blocks and an average of 8 replicates in time).
Season-Long Comparison of Trap Types and Lures. A season-long experiment (1 May to 5 September 2013) examined at weekly intervals the four traplure combinations described for the single-night comparisons. The intertrap interval for this experiment was 200 m. This experiment was conducted in six plots each of almonds and pistachios, located in adjacent plantings of 356 ha of almonds ('Butte' and 'Padre') and 400 ha of pistachios ('Kerman') in Kern County, CA. Traps within replicate blocks were 244 m apart in almonds, and 366 m apart in pistachios. Traps were randomly assigned to positions within the plot, and remained in this position until the end of the experiment. In this season-long experiment, NOW Biolure was affixed to the roof of standard wing traps and the cover of bucket traps, as described for the second single-night experiment. Females were changed each week, and new NOW Biolure and killing agent for the bucket traps were provided on 29 May, 26 June, 24 July, and 21 August. Daily minimum and maximum air temperature were obtained from CIMIS station 146 (California Irrigation Management Information System [CIMIS] 2014). These daily lows and highs were compared with the threshold temperature for flight and sexual activity (11 C, Landolt and Curtis 1982) , and the upper developmental threshold (34.4 C, Sanderson et al. 1989) , which was used as a proxy for heat stress.
Effect of Trap Density on Males Captured in Adjacent Walnut Blocks. The effect of trap density on the number of males captured in individual traps was examined by comparing, between walnut varieties in adjacent blocks, the number of males per trap in Serr (30 ha), Vina (23 ha), and Chandler (28 ha). The former two varieties are considered more susceptible to Lepidoptera, including navel orangeworm (University of California Division of Agricultural and Natural Sciences [UC-DANR] 2003). The higher trap density (one trap per 4 ha) came from data from the first five replicates from the 2013 single-night trap comparison (previously described). For this analysis, data were used for only three days in which all five of these blocks were used. Plot sums were used in recognition of the fact that individual traps within the four-trap plots varied in effectiveness. These data were compared with data collected from female-baited wing traps earlier in the season. Traps were placed 24 m from the edge of the orchard and 500 to 700 m from the next nearest trap (Fig. 1) , for an overall density of one trap per 20 ha. Surrounding orchard crops included a small block of plums north of the Serr block and young (nonbearing) 'Howard' walnuts west of the Serr block. Other surrounding area contained row crops, dairy operations, or unplanted land. Trap data were collected, and females were replaced on a weekly rather than a daily basis, over 20 weeks from 18 March to 19 August. Data Analysis. Data for the comparison of wing and delta traps baited with unmated females, the 2012 single-night trap comparison experiment, and the trap density comparisons were analyzed using repeated measures mixed-model analysis of variance (ANOVA). For the comparison of wing and delta traps baited with unmated females, the dependent variables were the count and density of males in the traps; the fixed effect was the trap type; and random effects included the replicate block, the sampling interval, and their respective interactions with trap type. For the 2012 single-night trap comparison experiment, the dependent variable was the count of males in the traps; the fixed effects were row, column, and trap type; and the random effects were the replicate block, day, and interaction of the trap type and day. The sampling interval (i.e., day) was a repeated measure. For the density experiments, males captured was the dependent variable, and the trap or plot was the independent variable, and monitoring period (week or day) was the repeated variable. The default between-within method of calculation of degrees of freedom was used for repeated-measure analyses.
The 2013 single-night trap comparison experiment was also analyzed with mixed-model ANOVA, but repeated measures were not used because the traps were re-randomized between each trapping interval. In this 2013 single-night experiment, the count of males in the trap was the dependent variable, the trap type was the fixed effect, and the replicate block and trapping were random effects. For the 2013 experiment, the Kenward-Roger method was used because this approximation is usually better than the default containment method for unbalanced designs.
An initial plot of the weekly data for the season-long comparison of trap types demonstrated sufficient heterogeneity to indicate that ANOVA was not suitable for analysis. Trends were similar between the almonds and pistachios, so data from the two crop types were pooled. One-sample t-tests were used to test the hypothesis that the difference between trap pairings of interest was significantly different from zero. The combinations examined were female-baited wing traps versus wing traps with NOW Biolure, wing traps with NOW Biolure versus delta traps, and wing traps with NOW Biolure versus bucket traps. Differences were examined within the same replicate block. This is the equivalent of a paired t-test, but this procedure produced a single index of the relative effectiveness of the trap for easier display and comparison. These comparisons were arranged by lure change in order to examine possible effects of lure age. Contingency tables were tested with Fisher's exact test to test whether the probability of an empty trap differed between delta or wing traps, and the Pearson v 2 was used to examine whether the crop or lure age affected the number of females captured in bucket traps.
The male counts for the 2013 single-night experiment were transformed with a square root transformation to improve the symmetry about the mean in the sampling distribution. Preliminary analysis of data from the comparison of wing and delta traps baited with unmated females, and from the 2012 single-night trap comparison, indicated such transformation was not needed for those experiments. For the single-night experiments, the Tukey adjustment for multiple comparisons was used. For the season-long experiment, the critical value of P < 0.05 was applied between individual trap pairs on a week-by-week basis rather than experiment-wide. Analysis was performed using the SAS System (SAS Institute Inc. 2013), and untransformed means and errors are shown in the figures and tables.
Results
Comparison of Wing and Delta Traps Baited With Females. Comparison across the nine monitoring intervals showed a more consistent relationship between the density of males captured in the glue liners of the two traps (Fig. 2B ) than in the total number of males captured ( Fig. 2A) . The total number of males captured over the entire experiment in traps baited with females was not significantly different (F ¼ 4.56; df ¼ 1, 7; P ¼ 0.07) between wing traps (561 6 39, mean 6 SE, n ¼ 8) and delta traps (461 6 27). However, the density of males captured per square centimeter of glue area was significantly greater (F ¼ 9.05; df ¼ 1, 7; P ¼ 0.0197) on the delta traps compared with the larger wing traps.
Single-Night Comparison of Trap Types and Lures. In the 2012 comparison in almonds of femalebaited wing traps with wing, delta, and bucket traps baited with NOW Biolure, there were significant differences in males captured between trap types (F ¼ 26.81, df ¼ 3, 21.3; P ¼ 0.0124). The total males per trap over the entire experiment were significantly greater for wing traps baited with females than wing traps baited with NOW Biolure (Table 1) . Wing traps baited with NOW Biolure captured significantly more males than delta traps with the commercial lure, while there was no difference in the number of males captured between delta and bucket traps. Examination of daily trap means reveals that traps baited with females also had as many or more males compared with those baited with NOW Biolure-the converse was never true-but the magnitude of the difference changed notably between sampling dates (Fig. 3A) .
The 2013 comparison of males captured in femalebaited wing traps with wing, delta, and bucket traps baited with NOW Biolure was conducted in walnuts, and at a greater intertrap distance. The overall trends were nonetheless quite similar to those from 2012 (Table 1, Fig. 3B ). There were again significant differences among trap types (F ¼ 11.02; df ¼ 3, 17.5; P ¼ 0.0003). The proportion of males captured in wing traps baited with NOW Biolure was similar in 2012 and 2013 (52 and 55%, respectively), but the difference in 2013 was not quite significant (P ¼ 0.0514). As in 2012, wing traps baited with NOW Biolure captured more males than delta traps baited with NOW Biolure.
And, as in 2012, delta traps and bucket traps captured an equal number of males. However, in 2013 the delta and bucket traps captured approximately 40% of the males captured in lure-baited wing traps, compared with approximately 20% in 2012 (Table 1) .
Season-Long Comparison of Trap Types and Lures. In the season-long experiment in almonds and pistachios in 2013, trends were similar between the two crops, particularly prior to August (Fig. 4B and C) . Because of this similarity, traps from the two crops were pooled for subsequent analysis. Nightly lows below the flight threshold in May (Fig. 4A ) probably delayed some male activity into June. In contrast to the single-night trap comparisons, the number of males captured with wing traps baited with females was generally similar to captures in wing traps baited with NOW Biolure. There were, however, some notable exceptions. Also, on some dates, bucket traps performed better relative to other traps.
Individual trap-bait combinations were compared on a pair-wise basis by using single-sample t-tests to examine a null hypothesis that the difference between the traps is zero. There was a significant difference between the males captured in wing traps with these two baits on 11 of the 19 weeks (Table 2 ). In 10 of these weeks, wing traps with NOW Biolure captured more males than those baited with unmated females. Wing traps baited with females captured notably more males than wing traps baited with NOW Biolure on two occasions-26 June and 14 August. On 26 June, this difference was statistically significant, but on 14 August, it was not (Table 2 ). In the month prior to 14 August, high temperatures regularly exceeded 34 C, whereas this was not the case on 26 June (Fig. 4A) . The large SE on 14 August was due in part to pooling the two crops; in pistachios, wing traps baited with unmated females uniformly captured more than those baited with NOW Biolure, whereas in almonds, the number of males captured with these two treatments was more variable between replicates and more similar between treatments (Fig. 4B and C) .
Wing traps baited with NOW Biolure consistently captured more males than delta traps baited with NOW Biolure. On 1 May, the difference in the number of males captured in these two trap types was not significant; on all subsequent weeks it was significant (P < 0.05; not shown). The entire experiment (all lure changes) comprised 228 trials (19 weeks Â 12 replicates). In these trials, there was one instance in which both the lure-baited wing and the delta trap were empty, eight instances in which the delta trap was empty but the lure-baited wing trap was not, and no cases in which the lure-baited wing trap was empty but the delta trap was not. Thus, among sticky traps baited with NOW Biolure, there were significantly more empty delta traps than empty wing traps (Fisher's exact test, P ¼ 0.0395).
There were significant differences between the number of males captured with NOW Biolure-baited delta traps and NOW Biolure-baited bucket traps on nine of the 19 trapping intervals (Table 3) . On seven of these nine occasions, the delta traps captured more males than the bucket traps. The two occasions on which the bucket traps captured more males than delta traps were both on the first trapping interval after a lure change, i.e., week one of the first lure and week one of the fifth lure (Table 3) .
Unlike the other traps, a small number of females were noted among the navel orangeworm captured in the NOW Biolure-baited bucket traps. Females comprised 0.18% of the 4945 adults captured in bucket traps in almonds, and 0.67% of the 4618 adults captured in pistachios. This crop difference was statistically significant (v 2 ¼ 15.57; P ¼ 0.0004). Females were also significantly more likely to be captured on the first sampling interval after a new lure was placed out (0.57 vs. 0.27%; v 2 ¼ 4.61; P ¼ 0.0318), but, when the first lure was taken out of consideration, the sex ratio was 0.25% females for both first-week and older lures.
Effect of Trap Density on Males Captured in Adjacent Walnut Blocks. For the individual traps in March through August, there was greater variation from week to week compared with variation between traps (Fig. 5A, Table 4 ). Numerically there were fewer males captured over the season in the Chandler portion of the block, consistent with the hypothesis that Chandler supports less navel orangeworm compared with more susceptible varieties like Serr or Vina. However, this difference was not significant (Table 4) , and it was not apparent from week to week (Fig 5A) . In contrast, differences were much more evident when traps were placed more densely in this orchard (Fig. 5B) . The numerical results are not directly comparable because of different observation periods and traps of varying efficiency. But differences in the navel orangeworm captured in the different varieties are much more apparent, even with far fewer replicates in time (Table 4) .
Discussion
Comparison of Wing and Delta Traps Baited With Females. The relative performance of wing and delta traps was very different, depending on whether they were baited with live females or NOW Biolure. When both delta and wing traps were baited with NOW Biolure, there was no practical difference in the performance of the two traps ( Fig. 2A) . To capture approximately equal numbers of males in the two traps the delta traps, which had 72% of the glue area of the wing traps, had to accumulate insects more densely in the glue surface. Trap saturation in glue traps involves a progressive loss of trap efficiency, as the density of insects already in the glue surface increases. The equal performance of the two traps suggests that more males may have entered the delta traps when they were baited with unmated females. In contrast, delta traps baited with NOW Biolure captured 22% of the males captured on wing traps in the 2012 single-night trapping experiment in almonds, and 43% in the 2013 experiment in walnuts (Table 1) compared with lure-baited wing traps was therefore distinctly smaller than the proportion of the glue area of delta traps compared with wing traps. The contrast of relative performance between these two trap types suggests that navel orangeworm males interact with NOW Biolure differently than they interact with the live females enclosed in mesh bags that have previously been the standard for pheromone trapping.
Previous studies have examined behavioral factors that impact effectiveness of pheromone-baited sticky traps for capturing male moths (Foster et al. 1991 , Foster and Muggleston 1993 , Foster et al. 1995 , Knight et al. 2002 . The delta trap design includes a vertical front flap, whereas the wing trap does not. Wind tunnel studies found that the presence or absence of these flaps, the orientation of the trap with the wind, and the pheromone dose used affected different species differently (Foster et al. 1991 , Foster and Muggleston 1993 , Foster et al. 1995 , Knight et al. 2002 . A field test of codling moth traps also found that whether wing traps captured more males than bucket traps or visa versa depended on which pheromone dispenser was used (Kehat et al. 1994) . Thus, relative effectiveness of different trap types is species specific, and affected by how the male interacts with the sex pheromone source used as a lure. In light of these observations, it is likely that the consistent difference in effectiveness between wing and delta traps baited with NOW Biolure despite the lack thereof when both trap types are baited with females is indicative of differences in the way that males interact with the pheromone lure compared with females. A previous study of NOW Biolure also found that the number of males captured in lure-baited wing traps was influenced by the crop, the local abundance in which trapping occurred, or both (Higbee et al. 2014) . Further studies are needed to determine the nature of behavioral differences resulting in different trapping results with lures compared with live females.
Single-Night Versus Season-Long Comparison of Trap Types and Lures. In the season-long trial, in contrast to the single-night experiments, more males were generally captured in wing traps baited with NOW Biolure compared with wing traps baited with females (Table 2) . We believe that this contrast was because the initial superior performance of the females observed in the single-night tests was offset by reduced calling and mortality in cages females following 3-4 d, as observed in a previous study (Burks and Brandl 2004) . It is, however, notable that, as in the single-night experiments, wing traps baited with NOW Biolure consistently captured more males than delta traps baited with NOW Biolure. This could be particularly critical if detection of low abundance is important. In the season-long experiment in this study, there were few instances of empty traps, but there was a significant probability that a lure-baited delta trap would fail to capture males when a lure-baited wing trap did not.
The performance of bucket traps relative to wing traps when both were baited with NOW Biolure was less consistent in the season-long trial. Wing traps generally captured more males, but on two occasions, the bucket trap captured far more males than wing traps. The horizontal distance from the edge of the trap to the center (where the lure was located) is small in the bucket trap relative to the other trap designs. The radius of the funnel for the bucket trap is 4.5 cm, compared with 11 cm of glue (along the long axis) from the edge to the center of the wing trap, or 7.5 cm of glue for the delta trap. Therefore, males had to approach closer to the lure to be captured in the bucket trap, and could potentially be captured at greater distances from the lure in the wing trap compared with the others. The fact that both instances of much greater capture in the bucket trap than in the wing trap occurred with newer lures therefore suggests that the proximity with which males approach NOW Biolure changes with lure age. Further data are needed to test this hypothesis. The observations of females collected from bucket traps also suggest the intriguing possibility that the pheromone blend or components of it are slightly attractive to females.
Effect of Trap Density on Males Captured in Adjacent Walnut Blocks. In the trap density comparison, we expected a difference between the number of males captured in Chandler compared with Serr and Vina, which are harvested earlier and considered more susceptible to lepidopteran pests than later varieties such as Chandler (UC-DANR 2003) . Differences between males captured in different varieties of walnuts were apparent at the higher trap density (1 trap À61 6 24* 6.4 6 6.4 11 6 2.6** À4.9 6 17 À40 6 15** 2 2 8 6 9.1* À0.6 6 1.8 10 6 3.1** 27 6 13 À22 6 15 3 1 0 6 4.4* 11 6 3.2** 12 6 2.4*** 38 6 16 4 1 2 6 3.0* 6.3 6 3. per 4 ha), but not at the lower density (1 trap per 20 ha; Fig. 4) . The female-baited traps examined earlier in the season were placed with the greatest intertrap distance reasonably possible (500-700 m from the next nearest pheromone trap) because an earlier study found mutual interference of navel orangeworm pheromone traps at distances up to 400 m (Burks and Higbee 2013) . Alternative explanations for the contrast between variety differences for the two trap densities include edge effects, differences in time scale between the two trapping protocols (i.e., 1 week in Fig. 4A vs. 1 day in Fig. 4B ), and greater influence of trap saturation in the March-August period (i.e., low trap density). The edge effects explanation is unconvincing because the different variety blocks should have been equally affected, and differences in time scale are diminished by the fact that the majority of males captured in traps baited with live females are captured on the first night (Burks and Brandl 2004) . If saturation effects were the reason that greater difference between Chandler and other varieties was not apparent with widely spaced traps, then a lower proportion of males should have been captured in the Chandler block (Trap 4) during periods of lower overall captures, when saturation would have had less impact. A consistent trend of this sort was not evident (Fig. 4A) .
Previous studies have demonstrated the number of males captured in sex pheromone traps can be affected by trap density (Riedl and Croft 1974, Riedl 1980 ) and mutual interference (Wall and Perry 1980, Houseweart et al. 1981) . A study examining codling moth males captured with pheromone traps and its association with damage, with trap densities from 0.37 to 2.25 ha per trap (Riedl and Croft 1974) , found that the association between cumulative capture of males in pheromone traps and damage was significant, but varied with trap density (Riedl and Croft 1974) . Intertrap distances in that study did not exceed the sampling range of the trap, and the authors concluded that trap density must be held constant or accounted for if pheromone traps are to be used to predict damage (Riedl and Croft 1974) . A study examining the effect of between-trap interference on captures of males of the spruce budworm, Choristoneura fumiferana (Clemens), concluded that traps with substantial mutual interference should be regarded as a single source (Houseweart et al. 1981) . A follow-up to the previously mentioned study of trap density effect on monitoring for codling moth determined that the density effect was reduced when density was !7 ha per trap (Riedl 1980) , suggesting that the resulting intertrap distance (265 m) was greater than the sampling range for the pheromone lures used. A similar analysis for the coffee leaf miner, Leucoptera coffeela (Guerin Meneville), determined that mutual interferences between pheromone traps for this species did not occur at distances >10 m, but that the distance required for geostatistical independence was from 25 to 177 m (Bacca et al. 2006) . Together, these observations suggest that, while trap density is an important variable in the relationship between population density and trap capture, obtaining independence between traps is not necessary for relating trap capture with damage.
Monitoring needs for navel orangeworm are affected by the wide range of sizes of management blocks in California tree nuts (U.S. Department of Agriculture--National Agricultural Statistics Service [USDA-NASS] 2014). Although the majority of these nuts are produced by farms owning >100 bearing ha of these crops, half of the farms producing tree nuts own 20 ha or less of individual nut crops (USDA-NASS 2014). Individual management blocks would be smaller, and divided between varieties in almonds and walnuts (but not in pistachios). Average farm size (and presumably average block size) is smaller in walnuts compared with almonds or pistachios (USDA-NASS 2014). These observations indicate that maintaining navel orangeworm traps at a density high enough for individual sampling ranges to overlap will likely be necessary for this species. The data here, along with the previous observations from codling moth (Riedl and Croft 1974, Riedl 1980) , suggest that this greater trap density will prove beneficial rather than detrimental to the purpose of providing useful management guidelines.
In conclusion, these data show that traps baited with fresh females outperform traps baited with NOW Biolure, suggesting that the synthetic pheromone formulation is not completely competitive with calling females. Trap design has a greater impact on trap performance with the synthetic pheromone compared with calling females, and wing traps were more effective than other trap types. Although delta traps are more convenient for field use, wing traps are better able to detect low populations. This greater sensitivity could be important if treatment decisions are based on low action thresholds. In many cases, distinguishing important differences in relative abundance in adjacent monitoring blocks will require traps density such that sampling ranges will overlap. NOW Biolure detects and captures navel orangeworm far more effectively than the egg traps used to date, and may reveal presence of navel orangeworm in agricultural situations where it has not caused problems (e.g., less susceptible tree nut varieties). It will be important to take the limitations of this pheromone lure into consideration, as it is incorporated into monitoring programs for navel orangeworm in the various crops where it is an important pest.
